flow system under nonpumping conditions is illustrated in figure 1 , which depicts the movement of ground water moving from the water table through an unconsolidated aquifer and bedrock aquifer and discharging to a nearby stream. A natural water budget of an aquifer system is of limited value for determining sustainability of long-term groundwater withdrawals. A common myth is that ground-water withdrawals are considered "safe" when they do not exceed the rate of recharge to the aquifer system. However, pumping withdrawals may alter other components of the water budget and decrease ground-water movement to areas of discharge, possibly causing adverse hydrological effects such as decrease streamflow and lowering water tables (Alley and others, 1999) . Some typical effects of pumping on the movement of ground water in an aquifer are illustrated in figure 2. Under nonpumping conditions, most ground water flows to the stream (see fig. 1 ), whereas pumping intercepts some of the water that would reach the nearby stream and may induce flow from the nearby stream and lower the water table. 
Sources of Well Data used in Graphical Viewer
Data used in the viewer are from the logs of wells and test holes that have been provided by three government agencies. A well is a drilled hole used for water supply, whereas a test hole is typically a drilled hole used for water or geotechnical exploration. The first set of data was provided by the Putnam County Department of Health (PCDOH), which was assembled and compiled as part of their well-log program (Anne Bittner, Putnam Count Department of Health, written commun., 2002) . Most of the well logs represent privately owned domestic-supply wells, although some represent publicsupply wells. The PCDOH files, currently represent 6,500 wells and test holes, the majority of which can be accessed by the graphical viewer. The indicated locations of PCDOH wells are based on county tax-parcel maps. Most wells generally are at the centroids of the parcels; therefore, the locations of the wells displayed from this data source should be considered approximate. The accuracy of a location is a function of the size of the tax parcel; in general, the smaller the tax parcel, the more accurate the location of the well.
The second set of well and test-hole data that was compiled by the U.S. Geological Survey (USGS) and is stored in the National Water Information System (NWIS). Most of the data were collected during the 1950s and are included in a USGS report on Putnam County ground-water resources (Grossman, 1957) ; these data are also used in a later USGS report that identifies regional sources of ground water in southeastern New York State (Perlmutter, 1960) 
Maps used in Graphical Viewer
Three types of maps are provided as a base on which the locations of the wells and test holes can be displayed.
The first type is USGS topographic maps (1:250,000, 1:100,000, and 1:24,000 scale) which are automatically displayed according to the level of detail selected; for example 1:250,000 scale which means that one foot shown on the viewer map equals 250,000 actual feet on the ground. A map at this scale will show far less local detail than a map of the same area at 1:24,000. A hill-shading option that gives the topography a three-dimensional appearance is also available.
The second and third types of maps are two types of geologic maps, developed at the 1:250,000 scale by the New York State Geological Survey (NYSGS) and show the distribution of the surficial geology (Cadwell and others, 1986 ) and bedrock geology (Fisher and others, 1970) . All geologic contacts and features are approximate when displayed at the 1:100,000 and 1:24,000 scales.
Graphical Viewer Applications
The viewer described here was designed to (1) display any area of interest in Putnam County on a topographic or geologic map, at a desired scale; (2) display well or test-hole locations on the desired map, and (3) display logs or completion reports of the selected wells or test holes.
The following sections provide a tutorial explaining how to use the graphical viewer as modified for Putnam
County. This tutorial is not intended to be a comprehensive guide for all applications but rather an introduction to the process of selecting and displaying well and test-hole locations and logs. The user is encouraged to follow the steps outlined below. Then explore independently the many search and retrieval options that are available. The graphical viewer was developed from ESRI's ARC IMS* geographical information system. The following tutorial contains four sections: (1) Displaying an area of interest, (2) displaying well and test-hole locations, (3) displaying a well or test-hole log or completion report, and (4) viewing the surficial or bedrock geology maps.
* Use of a trade, product or firm names in this publication is for descriptive purposes only and does not imply endorsement by the U.S. Government.
Displaying an Area of Interest
Step 1 -Using an internet browser with access to the World Wide Web, connect to graphical viewer link http://ny.ims.er.usgs.gov/website/putnam/index.htm. The home (default) page of the viewer is shown in Figure 3 Step 2 -Refer to the option bar on the left side of the map. An explanation of symbols in the option bar is provided in figure 4 . The default option is "Zoom In". Two other options are used in this tutorial, "Select by Rectangle" and "Zoom to Full Extent". Note the locations of these options for future steps. Step 4 -An example of the resulting view is shown in figure 5 . The scale of the map will be either 1:250,000, 1:100,000, or 1:24,000, depending on the size of the area that was outlined. Outlining only a small area will result in a 1:24,000 scale topographic base map. Repeat step 3 until the desired area has been outlined. The scale of the map that was selected for the example remained at 1:250,000. Figure 5 . --The screen as it appears after selection of a small area in the Town of Carmel.
Step 5 -Revert to the previous map by clicking on the "Back to Last Extent" option on the option bar (figure 4). This option is helpful if the user either misses the target area or wishes to select a different area. The "Zoom to Full Extent" option will cause the home page screen shown in figure 3 to reappear, providing an opportunity to restart the process.
Step 6 -Either begin the process again, or select a different area using the "Zoom to Full Extent" option and repeating steps 3, 4, and 5.
Displaying Well and Test Hole Locations
Step 1 --After selecting an area the user can display the well and test hole locations. Refer to the "Layers" explanation on the right side of the map and the appropriate boxes in the column labeled "Visible" to select wells from the desired government agency.
Step 2 -Press the "Refresh Map" button at the bottom of the "Layers" explanation. The result (figure 6) shows the visible USGS and NYSDEC wells within the selected area. Figure 6 . -Screen as it appears after selection of an area at a scale appropriate for locating a well or test hole. The scale for this display is 1:24,000.
Displaying a Well or Test-Hole Log or Completion Report
Step 1 --Select the area and the scale suitable that provides sufficient detail for displaying the well or wells in question by following the steps outlined in section 1 ("Displaying an Area of Interest").
Step 2 -Display the wells as described in section 2 ("Displaying Well and Test Hole Locations"). In the "Layers" explanation at the right side of the map check the box in the column labeled "Visible" and also check the "Active" circle option for the governmental agency wells of choice. Choosing the "Active" option links the user to the log. Now click the "Refresh Map" at the bottom of the "Layers" explanation to show all selected wells or test-hole locations.
Step 3 --Choose the "Select by Rectangle" button from the option bar (see fig. 4 ). Left click and hold the mouse button down and drag a box around the well or wells of interest. The viewer will automatically refresh, as shown in figure 7 . This example shows a 1:24,000 scale topographic base map with NYSDEC well P1555 selected. The blue triangle that represents this well (see fig. 6 ), is now partly obscured by a yellow dot, which indicates that the log or other information associated with this well has been selected. A link to the well completion report is seen in the "WELL_LOG" column of the "NYSDEC Wells" table below the map. Step 4 -Click on the blue link labeled "p1555.pdf" in the table to display scanned or numerical data for the selected well. The first of four pages of the NYSDEC well-completion report for this well is shown in figure 8 . 
Viewing the Surficial or Bedrock Geology Maps
The graphical viewer includes an option to superimpose on the topographic base map either the surficial geology or bedrock geologic maps at the 1:250,000 scale. The surficial geology map indicates the types of unconsolidated material and the location of undifferentiated bedrock where it crops out at the land surface; the bedrock geology map indicates the major types of metamorphic or sedimentary bedrock that occur in Putnam County.
Step 1 --Select the "Zoom to Full Extent" option in the option bar on the left side of the map (fig. 4) . The home page screen ( fig. 3.) will appear.
Step 2 -In the "Layers" explanation on the right side of the map, locate the "NYSGS 1:250K Bedrock Geology", and select the "Visible" and "Active" columns
Step 3 -Select the "Refresh Map" button at the bottom of the "Layers" explanation. The revised map with bedrock geology superimposed on the topographic base will appear ( fig. 9 ). Links to the map explanation are shown in blue in the "LEGEND" column of the table of the bottom of fig 9 .
Figure 9. -Screen as it appears after selection of bedrock geology base at 1:250,000 scale.
